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METHOD FOR MODOLATIOH OF DRI M MO £ MSI BLE OR 

INSERT ABLE MEDICAL DEVICES AMD A PROCESS FOR MANUFACTURING SUCH DEVICES 

FIELD OF THE INVENTION 

fOOOIJ The present invention relates to implantable or insertable medical devices for 
controlled delivery of one or more therapeutic agents. 

BACKGROUND OF THE INVENTION 

[0092J Numerous medical devices have been developed for the deliver/ of 
therapeutic agents to the body. The desired release profile for the therapeutic agent is 
dependent upon fee particular treatment at hand; including the specific condition being 
treated'prevented, ilie specific site of administration, fee specific therapeutic agent 
selected, and so forth. 

(0003] In accordance with certain delivery strategies, a therapeutic agent is provided 
beneath a polymeric barrier region or wifem a polymeric earner region that is associated 
with an implantable or insertable medical device. Once the medical device is placed at a 
desired location within a patient fee polymeric region regulates fee release of the 
therapeutic agent from fee medical device. Methods are therefore needed to manipulate 
the release properties of such polymeric regions. 

SUMMARY OF THE INVENTION 

[0004] The above and other needs of fee prior art axe met by the present invention, 
which is directed to novel methods for modulating fee rate of release of a therapeutic 
agent from an implantable or iusc rtable medical device. 

(OOOS j In accordance wife an embodiment of the invention, a method is provided for 
modulating fee rate of release of a therapeutic agent from a release region feat constitutes 
at least a portion of an implantable or insertable medical device and' feat controls fee rate 
at which fee therapeutic is released from fee medical device. The method comprises: (a) 
providing a release region feat comprises a therapeutic agent and polymer composition 
comprising two or more immiscible phases; and (b) modulating fee rate of release of fee 
therapeutic agent by changing fee volume feat is occupied by at least one of fee 
immiscible polymer phases relative to the total volume of the release region that is 
formed. The- ease re i . . for example, a earner layer, which comprises fee 
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therapeutic agent, or a barrier layer, %vhieh is disposed over a region that contains the 
therapeutic agent. 

[0006] In some embodiment , ■ i. the invention, at least one of the immiscible phases 
corresponds to a fcomopnlymer. 

j'0007] In otter e; ibodiments, a k tstone of the immiscible phases corresponds io a 
copolymer, such as a random or alternating copolymer. 

[0O0S] In still others, at least two of the immiscible phases are provided by a block or 
graft copolymer. If desired, a third immiscible phase can be provided by a homopolymer, 
random copolymer or alternating copolymer. 

10009] For example, in accordance with one particularly preferred embodiment, two 
immiscible phases are provided by a block copolymer comprising polystyrene and 
polyisobntylene blocks, and a third immh * bie ph ise is formed from a random copolymer 
formed from styrsne and maleic anhydride monomers. In this embodiment, the rate of 
release of the iherap* at c agent i increased by decreasing the volume occupied by the 
block copo lymer relative to the total volume of the polymeric release region and by 
increasing the volume occupied by the random copolymer relative to the total volume of 
the polymeric release region. 

[0010] In preferred embodiments, the release region is formed by a process 
comprising: (a) providing a solution comprising (i) a solvent and (ii) the polymer 
composition; and (1 } foi v > ih< release region from fee solution by removing the 
solvent from the solution. 

|Q0UJ An advantage of the present invention is that it provides an effective- method 
for controlling the release profile of a therapeutic agent from an implantable or iusertable 
medical device. 

[0012] These and other embodiments and advantages of the present invention will 
become immediately apparent to those of ordinary skill in the art upon review of the 
Detailed Description and Claims to follow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] Figs. 1 A and IB illustrate cumulative release ofpachtaxel as a function of 
time for carrier layers containing (a) a rxjlysiyrene-polyisobiitylene-polystyrene block 
copoh mer b i random a >p slymer of stymie and mal r u tfo > ide, or (c) a 
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>oiysi\ ne-p< sobi i rene block copolymc blen 5 ith a r odora 

copolymer of styrene and maleic anhydride, in accordance with an embodiment of the 
present invention. 

[0014} Fig. 2 illustrates cumulative release ofpacKtaxel as a function of time ftora 
barrier layers of (a) a random copolymer of styrene and maleic anhydride or (b) a 
combination of a random copolymer of styrene and maleic anhydride blended with a 
poiysiyrene-polyisobutylene-poi>'stvTsne block copolymer, in accordance with another 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTCON 

f00 15] The present invention provides a method for modulating the rate of release of 
a therapeutic agent from an impkmtable or insertable medical device. The method relies 
on phase separation of immiscible polymer pairs due to thermodynamic interactions. 
[0016] Solvent based techniques are generally preferred in which a solution is 
provided that comprises the following; (i) a solvent, (ii) a polymer composition that 
phase separates into two or more immiscible polymer phases upon solvent removal and 
(iii) optionally, a therapeutic agent The solvent is subsequently removed from fce 
solution to form a polymeric release region for the medical de vice. 
}0017] In the method of the present invention, the rate of release of the therapeu tic 
agent from the medical device is modulated by changing the volume that is occupied >y 
at least one of the immiscible polymer phases within the polymeric release region, 
relative to the total volume of me polymeric release region, Phase separation of 
immiscible polymer pairs due to thermodynamic interactions is well documented in the 
literature. Contributing factors include hut are not limited to the composition and the 
molecular weight of the polymer pairs. 

[0018] Each immiscible polymer phase within the phase-separated compositions of 

lvenii ( > tionof tin i > 1 > * 1 i t 
region of which it is a part. The volume of a selected immiscible polymer phase relative 
to the total volume of the release region can be increased; for example, by increasing the 
i i i . • rrespon he s 1 r i polymer ) lath 

to total amount of polymer in the release region, for instance, by increasing the number 
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aod/or .tengtib. of the polymer chains associated wife, the selected immiscible polymer 
phase. Some p 6 amp follow. 

[0019] In a first set of examples, a polymer composition with two immiscible phases 
can he provided by blending two immiscible polymers, for instance: (a) two immiscible 
homopolymers, (b) a homopolyrner and a copolymer mat is not irascible with the 
copolymer, but which by itself forms a single phase upon solvent removal (e.g., a random 
copolymer, an alternating copolymer or a single phase block copolymer, which is in 
contrast with a block, copolymer having immiscible blocks that are sufficiently large to 
result in phase separation upon solvent removal), or (c) first and second immiscible 
copolymers, each forming a single immiscible phase upon solvent removal Taking the 
blend of first and second immiscible homopolymers as an illustrative example, the 
relative volume of the phase corresponding io the first homopolyrner can be increased by 
increasing the amount of the first homopolyrner that is added to the blend relative to the 
second homopolyrner. This can be implemented, for example, by (a) increasing the 
length (molecular weight), but not the number, of the first homopolyrner molecules, (fa) 
by increasing the number, but not the length of the first homopolyrner molecules, or (c) 
by increasing both the length and number of the first homopolyrner molecules. 
[0020] In the above first set of examples, two separate polymers are employed in fee 
polymer compositions, with each polymer forming its own immiscible polymer phase 
upon solvent removal However, a single block copolymer having two (or more) 
immiscible blocks can also be used to create a polymer composition having two (or more) 
polymer phases, so long as the blocks are sufficiently long to result in phase separation, 
f igadibl cox met with two immiscible blocks as an illustrative example, the 
relative volume of a phase corresponding to the first block can be increased by increasing, 
the length the first block within the block copolymer, relative to me second block. 
[0021] Combinations of the above are also possible. As a specific example, it is 
possible to provide polymer release regions containing (a) two polymer phases 
correspondi i i cible bk ficieni 11 i hi i 5 block copolymer and (b) 

a third polymer phase corresponding to a separate immiscible homopolyrner. 
[0022] Polymers for use in accordance wife the present invention can be selected 
from a wide range of polymers, which may be, for example, linear or branched, natural or 
synthetic, or crosslkked or uncrossfinked. The sel te p« » , mere are preferably 
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processabie using solvent-based processing technique s , s 

at least two phases upon solvent removal Appropriate polymers can be selected from fee 
following, among others: polyearboxyMc acid polymers and copolymers Including 
poiyacryHc acids (e.g., acrylic latex dispersions and various polyaerylic acid products 
snob as HYDROPLUS, available from Boston Scientific Corporation, Natick Mass. and 
described in U.S. Patent No. 5,091 ,205, the disclosure of which is hereby incorporated 
herein by reference, and HYBROPASS, also available from Boston Scientific 
Corporation; a jtal polymers and copolymers acrylate and rm i ryhrtepol n ^r^ md 
copolymers; celhdosic polymers and copolymers, including cellulose acetates, cellulose 
nitrates, cellulose propionates, cellulose acetate butyrates, cellophanes, rayons, rayon 
tiiacctates, and cellulose ethers such as carboxymefiiyl celluloses and hydoxyalkyl 
celluloses; maleie anhydride polymers and copolymers; polyoxymethylcne polymers and 
copolymers; polyimide polymers and copolymers such as poiyethcr block iraidcs, 
polyamidimides, polyesterimides, and polyemerirnides; polysalfone polymers and 
copolymers including polyairylsulfones and polyethersolfones; polyamide polymers and 
copolymers rncMii • . polyeaprolactaras and polyacrylamides; resins including 

alkyd resins, phenolic resins, urea resins, melamine resins, epoxy resins, allyl resins and 
epoxide resins; polycarbonates; polyacrylonitriles; polyvinylpyrrolidones (cross-linked 
and otherwise) poi mers rod copolymers of vinyl monomers including pofyvmy! 

' ' 1 ti f i 1 < 1 1 ' t! r i i p< ii 

(EVA), polyvinylidene chlorides, polyvinyl ethers such as polyvinyl methyl ethers, 
• « b "i 5, a t« '.A utadiene copolymers, aerylonitrile-styrene copolymers, 
actyiomtrile-bntadtene-styrene copolymers, styrene-bnta Hei < -si . ren p< 1; mers and 
styreue-isobutylene-styrene copolymers^ pofyvirryl ketones, polyvmylcsrbazoles, and 
polyviftyl esters such as polyvinyl acetates; polybenzimidazoies; ienomers; polyalkyl 
oxide polymers and copolymers including poly ethylene oxides (PEO); 
glyeosaminogiycans; polyesters inchiding polyethylene tersphfealates and aliphatic 
polyesters such as polymers and copolymers of lactide (which includes lactic acid as well 
as d-,3~ and meso lactide), epsilon-eaprolactone. glyc - > c acid ), 

hydroxybuiyrate, hydroxyvalerate, para-dioxanone, trimethyiene carbonate (and its alb/1 
derivatives), l,4-dioxepaii~2-one, l,5-dioxepan-2-one, and 6,6-dimethyl- 1 ,4-dioxan-2-one 
(a copolymer of polylactic acid and poiycaprolactone is one specific example); polyether 
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p< ne s 1 i ! <■ )< i 1 i Bg J * , k th ■ -a > i | 1 yjen i 
polyether ketones, polyether ether ketones; polyphenylene sulfides; polyisocyanates (e.g. s 
U.S. Patent No, 5,091,205 describes medical devices coated wife one or more 
polyisocyanates such that the devices become mstarnly lubricious when exposed to body 
fluids); polyolefm polymers and copolymers, including polyalkylen.es such as 
polypropylene, polyethyienes (low and high density, low and high molecular weight), 
polybutylenes (such as poiybat-l-ene and poljdsobutylene), poly-4-methy!~pen-l-ene8, 
efeykne-alpha-olefm copolymers, ethylene-methyl methacrylate copolymers and 
ethylene-vinyi acetate copolymers; fhiorinated pollers and copolymers, including 
polytebafiuoroethylenes (PTFE), poly(tetraSuoroethy1ene-co-hexafluoropropeRe) (FEP), 
modified ethylene-tetrafliioroethyteie copolymers (jETFE), and polyvinyiidene Quorides 
(PVDF); silicone polymers and copolymers; polyurethanes (e.g., BAYHYDROI, 
polyurefhane dispersions); p-xylylene polymers; polyiminocarbonates; copo!y(ether- 
esters)sueh as polyethylene oxkle-polykctic acid copolymers; polyphosphates; 
polyalkylene oxalates; polyoxaamides and polyoxaesters (including those containing 
amines and/or amido groups); poiyorthoesters; biopolymers, such as polypeptides, 
proteins, polysaccharides and fatty acids (and esters thereof), including fibrin, fibrinogen, 
i-otlagen < las in c h tos m gelatin store i I minoglycans such as hyaluronic acid: as 
well as various blends and copolymers of all the above. 

[0023] One example of a preferred polymer composition for use in connection with 
the present invention is the combination of a maleic anhy dride copolymer with at least 
one additional polymer, 

[0024] As used herein, a "maleic anhydride copolymer" is a polymer formed from 
two or more dissimilar monomers, at least one of which is maleic anhydride or a maleic 
anhydride derivative, for example, the free acid, salt, or partial ester form of maleic 
anhydride. Such copolymers may be, for example, random, altera tti s ft or block 
copolymers. 

[6025] Exemplary maleic anhydride copolymers include >pt 1\ mers of (1 > maleic 
anhydride monomer (which may be present, for example, in any of the above forms, 
1 1 * the a i i tit, an pa- -iter font w (2 least om 

additional unsaturated monomer, examples of which include: (a) atkybne monomers, 
such as ethylene, propylene, butylenes (e.g., butylene, isobutylene), isopreae and 
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octadeeenes (e.g., 1-octadecene); (b) halogenated alkylene monomers (e.g., 
tenaihioroemylene and chloroeftylene); (c) viayi monomers and derivatives, such as 
methyl vinyl ether, vinyl acetate, vinyl ethylene (butadiene), vinyl chloride, vinyl 
pyrrolidone, vinyl cyanide (acrylonitrile), vinyl alcohol and vinyl aromatics (e.g., styrene 
and styrene derivatives such as alpha-methyl styrene, ring-aikykted styrenes or ring- 
halogeaated styrenes or other substituted styrenes where one or more substituente are 
present on the aromatic ring); and (d) acrylic acid monomers and derivatives, such as 
methyl acrylate, methyl methacrylaie, acrylic acid, meihaerylic add, actylamide, 
hydroxyetbyl acrylate, hydroxyetbyl raethaerykte, glyceryl acrylate, glyceryl 

« - msthacr laraidi md eihacrylamide. 
[0026| More preferred, maleic anhydride copolymers include fee following: 
copolymers of styrene and maleic anhydride (e.g., Dylark 232 and Dylark 322, available 
from Nova Chemicals, which are random copolymers of styrene and maleic anhydride 
and contain 7 wt% and 14 wt% maleic anhydride, respectively), copolymers of styrene 
and maleic anhydride derivatives (e.g., an alternating polymer of styrene and the partial 
methyl eater of maleic anhydride, in which 10-15% of the anhydride has been converted 
to the half-ester form, available from. Aldrich Chemical), isobutylene maleic anhydride 
copolymers (e.g., an alternating polymer of isobutylene and maleic anhydride, available 
from Aldrich Chemical), ethylene maleic anhydride copolymers, methyl vinyl ether 
maleic anhydride copolymers, vinyl acetate maleic anhydride copolymers, octedecene 
maleic anhydride copolymers, and butadiene m de'u - >.y drich >p dymers, 
[8027] Exemplary polymers for use in combination with the abo ve maleic anhydride 
copolymers include block copolymers comprising at least two polymeric blocks A and B. 
Examples of such block copolymers include the following: (a) BA (linear diblock), (b) 
BAB or ABA (linear triblock), (c) B(AB)„ or A(BA) ft (linear alternating block), or (d) X- 
(AB) „ or X-(BA) „ (includes diblock, triblock and other radial block copolymers), where 
n is a positive whole number and X is a ai i « s< ;d or in it akn , molecule. 
[0028] One specifically preferred group of polymers have X~(AB) K structures, which 
are frequently referred to as diblock copolymers and triblock copolymers where n=l and 
n-2, respectively ( this terminology disregards the presence oft < , -n< rfecule, 
for example, treating A.-X-A as a single A block with me triblock therefore denoted as 
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BAB). Where n?=3 or more, these sfractares are commonly referred to as star-shaped 
block copolymers. 

[0*129] Further examples include branched block copolymers, for example, dendritic 
block copolymers (e.g., arborescent block copolymers) wherein at leas! one of the A and 
B chains is branched, and preferably wherein the A chains are branched and capped by 
the B chains. 

[0030] The A blocks are preferably soft eiastomeric components which are based 
upon one or more polyolefins or other polymer with a glass transition temperature at or 
below room temperature. For example, the A blocks can be polyolefinic blocks having 
alternating quaternary and secondary carbons of the general formulation; -{CRR'-CKbV, 
where R and R' are linear or branched aliphatic groups such as methyl, ethyl, propyl, 
isopropyl, butyl, isobutyl and so forth, or cyclic aliphatic groups such as eyelohexane, 
cyelopentane, and the like, with and without pendant groups. Preferred polyoMnic 
J*h 

blocks include blocks of isobutyiene, * CH 3, (i.e„ polymers where R and R' are the 
same and are methyl groups). A can also be a silicone rubber block, an aerylate rubber 
block, and so forth. 

[00313 The B Mocks are preferably hard thermoplastic blocks with glass transition 
temperatures significantly higher than the eiastomeric A block that, when combined with 
the soft A blocks, are capable of, inter alia, altering or adjusting the hardness of the 
resulting copolymer to achieve a desired combination of qualities. Preferred B blocks are 
polymers of methacrylates or polymers of vinyl atomatics. More preferred B blocks are 

ryj"" 

(a) made from monomers of styrene t sryrene derivatives (e.g., a- 
meihyfstyrene, ring-alkylated styrenes or rmg-haiogenated siyrenes) or mixtures of the 
same (collectively referred to herein as "styrenic blocks" or "polyslyieoic blocks") or are 

(b) made from monomers of methylmethacr/late, emylmethaerykte hydroxyethyl 
rnelhaciylate or mixtures of the same, 

|0032] In some particularly preferred embodiments of the present invention, a maleic 
anhydride copolymer, more preferably a styrene maleic anhydride copolymer, is 
combined with the following: (a) a copolymer of polyisobntylene with polystyrene or 
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methyls « ))R preferably j ) olyisobui < ' yrt «. 1 i » 

copolymers that, along with other polymers appropriate for tie practice of the present 
invention, are described, for example, in U.S. Patent No, 5,74**331, U.S. Patent No. 
4,946,899 and U.S. Serial No. 09/734,639, each of whicli is hereby incorporated by 

e< 1 i t litre (b}ar1 pol jutykne-polysl is block copolymers 

such as those described in Kwon et al, "Arborescent Polyisobutylene-PolystyTsie Block 
Copoiymers-aNew Class of Thermoplastic Elastomers " Polymer Preprints, 2002, 43(1), 
266, the entire disclosure of which is incorporated by reference, or (c) a copolymer 
containing one or more blocks of polystyrene and one or more random polymer blocks of 
ethylene and butylene, for example, a polyst>Tene~polyediylene/but}'lene-polyst>'rene 
(SEBS) copolymer, available as Kraion® G series polymers. An additional preferred 
polymer for use in combination with the maleic anhydride copolymer is an n-butyl 
methacrylate (BMA) polymer available from Aldrich Chemical. 
|0O33| The release regions of the present invention can also include finite auxiliary 
materials to achieve a desired result. Such auxiliary materials include binders, blending 
agents, and so forth, 

[0034] Carrier layers and barrier layers are two preferred release regions for use m 
connection with the present invention. By "carrier layer" is meant a layer that contains at 
least one therapeutic agent and from which the therapeutic agent is released. By "barrier 
layer" is meant a layer tha I ;s apeotje agent source and a site of 

intended release, which controls die rate of therapeutic agent release, 
[0035| The release regions of the present invention are preferably formed using 

I vent 1 1 | 1 ' 1 \ } > ' 1 ' i ire dissolved 

id i As sot f he r I ion is subsequently used to form the release region, for 

example, a carrier layer and/or barrier layer as desired. 

{0036] The solvent system that is selected will contain one or more solvent species. 

< ) it ! > of 1 - 1 i • , tfhere included, f 

the therapeutic agent, as well. The particular solvent species that make up the solvent 
system may also be selected based on other characteristics inciading drying rate and 
surface tension. 

[0037] Solveni . , s that can be used m connection with the present invention 
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include any combination of one or more of fee following: (a) water, (b) alkanes stick as 
ethane, hexane, octane, cyclohexane, heptane, isohexane, butane, pentose, isopeotane, 
2,2,4-trimefelypcataoe, aonane, decane, dodecane, hexadeeane, eteosane, 
metihylcyciohexane, cis-decahydronapbfea!ene and frans-deeahydronapMhaiene, (c) 
aromatic species such as benzene, toluene, xyleue(s). naphthalene, styrene, ethylbenzene, 
i~mefey {naphthalene, 1,3,5-trimethylbenzene, tetrahydrotuiphfealene, diphenyiand 1,4- 
diethylbenzene. (d) halohydrocarhons including (i) cMorohyhdrocarbons soch as 
chloroform, methyl chloride, dichloramethane, i,i-dk*Joio©feyle!ie, ethylene dichloride, 
ethylidene chloride, propyl chloride, cyelohexyl chloride, 1 ,1 ,1-McMoroethane, 
perohloroefeylene, trichloroethylene, butyl chloride, carbon tetrachloride, 
tettachloroe&ylene, chiorobenxene, o-chehloroberizene, benzyl chloride, 
tricMotobiphenyl, methyleyclohexane, i,l,2 5 2~terrachloroetiiiaii8 (a) fluormated 
haiogenated species sitch ass chlorodiflonopamethane, diehlorofhtoromethane, 
dicMorodifleoromethane, trichloroflttoromethane, 1 ,2-dichlorolBiTaili3.oroethim$, 1 , 1 ,2- 
trichlorotrifluoroethane, perfluor(me&ylcyclohexane}, perf3uor{ainiethyloycbbexane) 
and (hi) other halohx dr< arbon si tcfa as ethyl bromide, ethylidene bromide, ethylene 
dibromide, tribromoraetbane, bromottifluoromethane, 1,1,2^2-tetrabromoethane, 
btomobenzene, bromoeMoromethane, Ryromonaphihalerie, methyl iodide, methylene 
diiodide (e) acid aldehydes/anhydrides such as acetaldehyde, furfural, butyraldehyde, 
benzaldehyds, acetyl chloride, succinic anhydride and acetic anhydride, (f) alcohols 
including (i) phenols such as phenol, 1,3-benzenediol, m-cresol, o-niethoxyphenol, 
methyl salicylate and nonyiphenol, (ii) polyfcydric alcohols snch as ethylene glycol, 
glycerol, propylene glycol, 1,3-butonedioi, diethylene glycol, triethylene glycol, hexyfcae 
glycol and dipropylene glycol, and (iii) other alcohols such as methanol ethanol, ethylene 
cyanohydrin, ally! alcohol, 1-propanol, 2-propanol, 3-chloropropanoI, furfaryl alcohol, i~ 
butano.1, 2-batanoL benzyl alcohol, isobutanol, cyclohexanol, 1-pentaool, 2-ethyl-l- 
butanol, diacetone alcohol, l^-dimethyl-l-butanol, ethyl lactate, butyl lactate, ethylene 
glycol monoraeihyl ether, ethylene glycol nionoethyl ether, diethylene glycol 
monomethyl ether, diethylene glycol monoelhyl ether, ethylene glycol monobutyl ether, 
2-ethyl-l-hexanol, 1-octanoL 2-octaaol, diethylene glycol monobutyl ether, l-deeanol, 1- 
tridecyt alcohol, nonyl-phenoxy eraanol, oleyl alcohol, triethylene glycol mono-oleyl 
ether, (g) ethers such as, epiehlorohydrln, ftrran, 1,4-dioxans, dimethoxyrnethane, diethyl 
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ether, bIs-(2-ciiloroe%i) ether, anisoie, ai-(2-nie&oxyBSijyl) ether, dibenzyl ether, di-(2- 
chlotoisopropyl) ether, bis-(m-plienoxypheiiol) ether, dimethyl ether and tettahydroforan, 
h) k »' ■ i, acetone, c iohexanone, isophorone, dtei ^5 mesh? < 

acetophenone, methyl ethyl ketone, methyl isoainyl ketone, methyl isobutyl ketone, and 
methyl propyl ketone, (i) acids such as formic acid, acetic acid, benzoic acid, butyric acid, 
octanoic acid, oleic acid, stearic acid, (j) esters/acetates such as ethylene carbonate, 
butyxolactone, propylene- i,2~carbonate, ethyl chloroformate, ethyl acetate, triaiethyl 
phosphate, dieth; I ; uh rate, diethyl sulfate, ethyl formate, methyl acetate, n-botyl 
acetate, isobutyl acetate, t~butyl acetate, 2-ethoxyethyl acetate, isoamyt acetate, dimethyl 
phthalate. ethyl citmamate, triethyl phosphate, diethyl phosphate, butyl benzyl phthalate, 
dibutyl phthalate, diethyl phthalate, tricrysyl phosphate, tributyl phosphate, dibutyl 
sebaeate, methyl oleaie io< I phthalat dibatyl earate isopropyl acetate, isohutyl 
isobutyrate, n-propyl acetate and n-butyl propionate, (k) nitrogen compounds such as 
acetonitrile, acrylonitrile, propionitrila, hutyrositrile, nitromethane, mtroeibane, 2- 
mtropropir i i i j ranolam tl enediamine, 1,1-dimethylhydrazine, 2- 
pyrroHdone, pyridine, propylamine, morphoKne, analine, n-methyl-2-pyi-rolidone, 
butylamine, 3th lanrint ;\ iohexylamine, qainolinc, dipropylamine, fermamide, n,n- 
dimethylformamide, n.n-dimetliykeetemide, tetramethylurea, hexamethyl 
phosphoramide, diethylenetriamme, triethylamine and triethanolamine, and (1) snlmr 

• ■ ainds such as carbon disulfide, dimethyisulfcxidc , ethaneth o > 1 hyUi Ifone 
and diethyl sulfide. 

[0038] Preferred solvent-based techniques include, but are not limited to, solvent 
casting, spin coating, web coating, solvent spraying, dipping, coating via air suspension 
and media i nsion 1 x\< jet techniques, elech ' 1 1 t hniques and 

combinations of these processes. Typically, a solution containing solvent and polymer 
(and, in some cases, a therapeutic agent) is applied to a substrate to .form the release 
region. The substrate is preferably an implantable or inserts hie medical device, to which 
the release region is applied. 

{0039J Where appropriate, techniques sue < h e listed t /e can be repeated or 
combined to build u ckness < >f the 

release region can be varied in other ways as well. For example, in one preferred process, 
sob ent spra i i ^ mess can be increased b\ m< 1 > f the process 
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parameters, hwluding increasing spray flow rate, slowing the movement between the 
substrate to be coated and the spray nozzle, providing repeated passes and so forth, 
[0040] Where a earner layer is formed, a therapeutic agent can he included in the 
above-described polymer solution, if desired, and hence co-established with the carrier 
layer. Alternatively, the therapeutic agent can he dissolved or dispersed within a solvent, 
and the resulting solution contacted wiih a carrier layer that has been previously formed, 
for example, using one or more of the solvent based techniques described shove (e.g., by 
dipping, spraying, etc.). 

(90411 Barrier layers, on the other hand, are typically formed over a therapeutic- 
agent-containing region. In some embodiments, the therapeutic-agent-eontaining region 
beneath the barrier layer comprises one or more polymers, which can be selected, for 
example, from the polymers listed above. As such, the tharapeutic-agmt-contaMng 
region (which is, in essence, a carrier layer) can also be established using solvent-based 
techniques such as those discussed above (e.g., spraying, dipping, etc.). 
[0042J In other embodiments, the merapeutic-agent-containing region beneath the 
barrier layer is established independent of an associated polymer. For example, the 
therapeutic agent can simply be dissolved or dispersed in a liquid, and the resulting 
solution/dispersion contacted with a substrate, for instance, using one or more of the 
above-described solvent based application techniques (e.g., by dipping, spraying), 
f 0043 j Once a release region is formed using a solvent-based technique, it is 
preferably dried after application to remove the solvents. The release region typically 
conforms to the underlying surface during the drying process, 
[0044] In accordance with the present invention, upon solvent removal, the release 
region comprises two or more imnnscible polymer phases. As noted above, in the 
method of the present invention, the rate of release of the therapeutic agent from the 
medical device is modulated by changing tie volume that is occupied by at least one of 
the immiscible polymer phases within the polymeric release region, relative to the total 
volume of the p olymeric release region. Such volume changes are typically accompanied 
by changes in polymer phase morphology. 

[0045J Using a diblock copolymer with two immiscible blocks as an illustrative 
example, the relative volume of a phase corresponding to the first block can be increased 
by increasing the length the first Mock within the block copolymer, relative to the second 
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block, Iii many esses, a moTphoiogical progression like the following will be observed: 
(a) when, fee length of fee first block is small relative to feat of fee second block, fee first 
blocks forms small spherical domains within fee release layer; (b) as the size of the first 
block is increased relative to that of fee second block, fee sizes of the spherical domains 
grow, in due course becoming cylindrical in shape; (c) a further increase in the size of fee 
first block relative to that of fee second block will result in fee formation of a lamellar 
structure; (d) as fee size of the first block continues to increase relative to feat of the 
second block cylindrical domains of the second block are formed, eventually becoming 
spherical domains. A similar domain transition is often observed in the case of two 
immiscible homopolymers. However, because the polymer chains are chemically bound 
to each other in fee block copolymer, the homopolymer domains tend to be larger than the 
block copolymer domains. Of course, fee above examples are merely illustrative and 
other domain morphologies are clearly possible. 

[0046] Without wishing to be bound by theory, it is believed feat morphological 
changes (which typically accompany a change in fee volume occupied an immiscible 
polymer phase relative to the total volume of the polymeric release region) have an 
influence upon fee diffesiviry of a given therapeutic agent within the release layer, 
Returning again to the example of a release region having two immiscible phases, fee 
diffusivity of a therapeutic agent within one of these phases is commonly significantly 
greater than it is within fee other of these phases. As fee relative volume occupied by the 
higher diffusivity phase is diminished relative to fee lower diffusivity phase, fee changes 
fa morphology will result in fee therapeutic agent traveling along an increasingly tortuous 
path, which decreases fee overall diffusivity of the therapeutic agent within the release 
region. 

|0047] Preferred implantable or inseriabie medical devices for use in conjunction 
with fee present invention include catheters (for example, urinary catheters and vascular 
catheters such as balloon cafe tei gi t wires, balloons, filters (e,g., vena cava filters), 
stents (including coronary vascular stents, cerebral, urethral, ureteral, biliary, tracheal, 
gastrointestinal and esophageal stents), stent grafts, cerebral aneurysm filler coils 
(including GDC-Gugllmi detachable coils-and metal coils), vascular grafts, myocardial 
plugs, patches, pacemakers and pacemaker leads, heart valves, biopsy devices or any 
coated substrate (which can be, for example, glasses, metals, polymers, ceramics and 
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combinations thereof) that is implanted or inserted into the body, either for procedural use 
or as an implant, and from which therapeutic agent is released. 
\&M$l The medical devices contemplated for use in connection with the present 
invention include drug delivery medical devices that are nsed for either systemic 
treatment or for die treatment of any mammalian tissue or organ, Non-limiting examples 
are tumors; organs including but not limited to the heart, coronary or peripheral vascular 
system, lungs, trachea, esophagus, brain, liver, kidney, bladder, urethra and ureters, eye, 
intestines, stomach, pancreas, ovary, and prostate; skeletal muscle; smooth muscle; 
breast; cartilage; and bone. 

[G049] in some instances, it may be desirable to temporarily enclose the therapeutic- 
agent-loaded carrier layer to prevent initiation of release before the medical device 
reaches its ultimate placement site. As a specific example, a stent having a controlled 
release carrier layer can be covered with a sheath during insertion into the body to prevent 
premature release of therapeutic agent, 

I0050J Therapeutic agents useful in connection with the present invention include 
essentially arty therapeutic agent that is compatible with the release region selected and 
with the process used for forming the same. Therapeutic agents may be used singly or in 
combination. 

(0051J "Therapeutic agents", "pharmacentically active agents", "phannaceutically active 
materials", "drugs" and other related terms may be used mtercbangeably herein and 
include genetic therapeutic agents, non-genetic therapeutic agents and cells, 
[0052] Exemplary non-genetic therapeutic agents include: (a) anti-thromhc-tie agents 
such as heparin, heparin derivatives, urokinase, and PP 1 t< i ( rykkitine proline 
arginine chloromethylkeione); (b) anti-inflammatory agents such as dexamethasone, 
- i-u ilont « i jterone, budesonide, estrogen, sulfasalazine and mesalamiae; (c) 
anrmeoplastic/antiproliferative'anti-miotic agents such as paclitaxel, 5-flaorouracfl, 
dspktm, vinblastine, vincristine, epothilones, endostatin, angiostatin, angiopeptin, 
monoclonal antibodie s capable of blocking smooth muscle cell proliferation, and 
thymidine kinase inhibitors; (d) anesthetic agents such a$ tidocaine, buprvacaine and 
ropivacame; (e) anti-coagulant*, such as D-Pbe-Pro-Arg chloromethyl ketone, an RGD 
peptide-con-aining compound, heparin, hirudin, antithrambin compounds, platelet 
receptor antagonists, anti-thrombin antibodies i , < s aspirin. 
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prostaglandin itmibitors, platelet inhibitors and tick antiplatelet peptides; (f) vascular cell 
growth promoters such as growth fectets, transcriptional activators, and translaiional 
promoters; (g) vascular cell growth inhibitors such as growth factor inhibitors, growth 
factor receptor antagonists, transcriptional repressors, translation! repressors, replication 
khihitors, inhibitor)' antibodies, antibodies directed against growth factors, bi&nctionai 
molecules consisting of a growth factor and a cytotoxic, Afunctional molecules 
consisting of an antibody and a cytotoxic (h) protein kinase and tyrosine kinase 
inhibitors (e.g., tyrphostms, genistem, quinoxalmes); (i) prostacyclin analogs; (j) 
cholesterol-lowering agents; (k) angiopoietiris; (!) antimicrobial agents such as tridosan, 
cephalosporins, aminoglycosides and nitroturantom; (m) cytotoxic agents, cytostatic 
agents and cell proliferation affectors: (n) vasodilating agents; and (o)agents that 
interfere with endogenous vasoactive mechanisms. 

f0O53] Exemplary genetic therapeutic agents include anti-sense DNA and RNA as 
well as DNA coding for: (a) anti-sense RNA, (b) tRNA or rRNA to replace defective or 
deficient endogenous molecules, (c) angiogenic factors including growth factors such as 
acidic and basic fibroblast growth factors, vascular endothelial growth factor, epidermal 
growth factor, transforming growth factor » and 0, platelet-derived endothelial growth 
factor, platelet-derived growth factor, tumor necrosis factor a, hepatocyte growth factor 
and insulin-like growth factor, (d) cell cycle inhibitors including CD inhibitors, and (e) 
thymidine kinase ("TK") and other agents useful for interfering with cell proliferation. 
Also of interest is DNA encoding for the family of bone morphogeny proteins 
("BMP's"), including BMP-2, BMP-3, BMP-4, BMP-5, BMP-6 (Vgr-1), SMP-7 (OP-1), 
BMP-8, BMP-9, BMP- 10, BMP-II, BMF42, BMP-13, BM1M4, BMP-IS, andBMP-1 6. 
Currently preferred BMP's are any of BMP-2, BMP-3, BMP-4, BMP-5, BMP-6 and 
BMP-?. These daaeric proteins can be provided as horaodimers, fieierodimers, or 
combinations thereof, alone or together with other molecules. Alternatively, or in. 
addition, molecules capable of inducing an upstream or downstream effect of a BMP can 
be provided. Such molecules include any of the "hedgehog" proteins, or me DNA's 
encoding them, 

[0OS4] Vectors of interest for delivery of genetic therapeutic agents include (a) 
plasmids, (b) viral vectors such as adenovirus, adenoassociated virus and lejitivhus, and 
(c) non-viral vectors such as lipids, liposomes and eatfonie lipids. 
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[0055] Cells include cells of human, origin {autologous or allogeneic), including stem 
cells, or cells fiom an animal source (xenogeneic), which can be genets ailj engineered if 
desired to deliver proteins of interest 

[0056) Numerous therapeutic agents, not necessarily exclusive of those listed above, 
have been identified as candidates for vascular treatment regimens, for example, as agents 
targeting restenosis. Such agents are appropriate for the practice of the present invention 
and include one or more of the following: (a) Ca-channel blockers including 
benzothiazapines such as diltiazem and clentiassem, dthydropyridines such as nifedipine, 
atnlodipme and nicardapine, and pheayWkylamines such as vei . i n serotonin 
pathway modulators including; 5-HT antagonists such as ketanserin and naftidroraryl, as 
well as 5-HT uptake inhibitors such as fluoxetine, (c) cyclic nucleotide pathway agents 
including phosphodiesterase inhibitors such as eiiostazole and dipyridamole, 
adenylate/Guanyiate cyclase stimulants such as forskolin, as well as adenosine analogs, 
(d) catecholamine modulators including a-antagonists such as prazosin and bunazosine, 
^-antagonists such as propranolol and a'p-antagonists such as labetalol and earvedilol, (e) 
endothsHn receptor antagonists, (f) nitric oxide donors/releasing molecules including 
organic nitrates/'nitates such as nitroglycerin, isosorbide dinitrate and amy! nitrite, 
inorganic mtroso compounds such as sodium nitroprussidc, sydnonimines such as 
molsidomine and linsidomine, nonoates such as diazeniutn diolates and NO addticts of 
alkanediamines, S-nitroso compounds including low molecular weight compounds (e.g., 
S-nitroso derivatives of captoprii, glutathione andN-acetyl penicillamine) and high 
molecular weight compounds (e.g., S-nitroso derivatives of proteins, peptides, 
oligosaccharides, polysaccharides, synthetic poiymers/oligomers and natural 
polymetvoUgomers), as well as C'-nitroso-componnds. O-nitroso-compounds, N-nitroso- 
compounds and L-arginine, (g) ACE inhibitors such as cilazapril, fosinopril and eoalapril, 
(h) ATH-reeeptor antagonists such as saralasin and (osartin, (i) platelet adhesion 
inhibitors such as albumin and polyethylene oxide, (j ) plat .:.* ■ . t . at ion inhibitors 
including aspirin and thienopyridine (ticlopidine, elppidogrel) and GP Hb/IHa inhibitors 
such as ahcksmal , ej ujfibatideandttrofiban, (k) coagulation pathway modulators 
Sncludh j u 1 i s heparin, low molecular weight heparin, dextran sulfate and 
p-cyefodextrin tetradecasulfate, feombhi mMMtors such as hirudin, hirulog, PPACK(D- 
phe-L-propyl-L-arg-chloromethylkstone) and axgatroban, FXa inhibitors such as 
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antistatin and TAP (tick anticoagulant peptide), Vitamin K inhibitors such as warfarin, as 
well as activated protein C, (1) cyclooxygenase pathway inhibitors such as aspirin, 
ibnprofen, flurbiprofen, indometbacin and sulfinpyrazone, (m) natural and synthetic 
corticosteroids such as dexamethasone, prednisolone, methprednisolone aad 
hydrocortisone, (n) lipoxygenase pathway inhibitors such as nordihydrogoairetic acid and 
eafieic acid, (o) leukotriene receptor antagonists, (p) antagonists of E- and P-sekctins, (q) 
inhibitors of VCAM-l and TCAM-1 interactions, (x) prostaglandins and analogs thereof 
including prostaglandins such as ?GE1 and PGI2 and prostacyclin analogs such as 
ciprostene, epoprosienoi, carbacyelin, iloprost and beraprost, (s) macrophage activation 
preventers including bisphosphonates, (i) HMG-CoA reductase inhibitors such as 
lovastatm, pravastatin, fluvastatm, simvastatin and cerivasiatia, (u) fish oils and omega~3- 
fatty acids, (v) free-radical scavengers/antioxidatits such as probucol, vitamins C aad E, 
ebselen, trans-retinok acid and SOD mimics, (w) agents affecting various growth factors 
including FGF pathway agents such as bFGF antibodies and chimeric fusion proteins, 
HX3BP receptor antagonists such as trapidfl, IGF pathway agents including somatostatin 
analogs such as angiopeptin and ocreotide, TGF-p pathway agents such as polyamonic 
agents (heparin, fucoidin), decorin, and TGF-fl antibodies, EGF pathway agents such as 
EGF antibodies, receptor antagonists and chimeric fusion proteins, TNF-« pathway 
agents such as thaMomide and analogs thereof, Thromboxane A2 (TXA2) pathway 
modulators such as sulotroban, vapiprost dazoxihen and ridogrel, as well as protein 
t) ros n I in t 2 T i ! ii -=l >is such as tyrphostin, genistein and join > alin< d r va ives, (x) 
% 1 ^ > 1 1 • ,, , 1 is marimasM, ilomastai and metastat (y) cell motility 
inhibitors such as cytochalasin B, (z) ai t p olif< rative antineoplastic agents including 
antimetabolites such as purine analogs(6-mercaptopurine), pyrimidine analogs (e.g., 
eyiarabine and 5-fiuorouracil) and methotrexate , nitrogen mustards, alkyl sulfonates, 
ethyteaimhies, antibiotics (e.g., dannombicin, doxorubicin), nitrosoureas, dspMn, agents 
affecting microtubule dynamics (eg., vinblastine, vincristine, colchicine, paclitaxel and 
epothilons), caspase activators, proteasorae inhibitors, angiogenesis inhibitors (e.g., 
endostatin, angiostatin and squalamine), rapamycin, cerivastatin, flavopiridol and 
suramin 1 , ^ in js halofaginoae or 

other quraazolhtone derivatives and tramkstifhb) en in 1] > 1 1 , such a 
VEGF and RGD peptide, and (ce) blood rheology modulators such as pentoxifylline. 
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[0057] Numerous add 1 i< ' otic agents appropriate bee of the 

present invention are also disclosed in U.S. Patent No. 5,733,925 assigned to NeoRx 
Corporation, the entire disclosure of which is incorporated by reference. 
[00581 A wide range of therapeutic agent loadings can he used In connection with the 
medical devices of the present invention, with the amount of loading being readily 
determined by those of ordinary skill in the art and ultimately depending, for example, 
upon the condition to be treated, the nature of the therapeutic agent itself, the means by 
which the therapeutic agent is administered to the intended subject, and so forth. 
[0059] Tire invention is further described with reference to the following non- 
limiting Examples. 

EXAMPLE I 

[0060] A solution is provided that contains 25 weight% tetrahydrofuran (THF) and 74 
wt% toluene, 0.25 wt% paclitaxel and 0.75 wt% of a polymeric material, which consists 
of a poiystyrene-polyisobutylene-poij'styrene block copolymer (SIBS) or a random 
copolymer of styrene and maleic atihydride containing approximately 14 wt% maleic 
anhydride (SMA14), or a blend of these polymers. The SIBS copolymer is synthesized 
using known techniques such as those described in U.S. Patent No. 5,741,331, U.S. Patent 
No. 4,946,899 and U.S. Serial No. 09/734,639. Tire SMA14 copolymer is purchased 
from Sigma-Aidrioh, or is available from Nora Chemical as Dylark 332. All solutions 
are prepared by (1) mixing the paclitaxel and tetrahydrofuran, (2) adding the copolymer 
or copolymers, (3) adding the toluene, (4) thoroughly mixing (e.g., overnight), and (5) 
filtering. 

[0061] Tire solution is then placed in a syringe pump and fed to a spray nozzle. A stent 
is mounted onto a holding device parallel to the nozzle and, if desired, rotated to ensure 
uniform coverage. Depending on the spray equipment used, either the component or 
spray nozzle can he moved while spraying such that, the nozzle moves along the 
component while spraying for one or more passes. 

[00<)2j After r carrk I i j i r by 

» eg h in preheated o\ en for 30 minutes at 65X-, followed by 3 hours at 70 C C, 
[0063] Three stents are formed in this manner fox each of the various polymeric 
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materials. Formulations were made containing (a) 0,75 wt% SMA14, (b) 0,5 wt% 
SMA14 and 0.25 wt% STBS, (c) 0,3 wt% SMA14 and 0.45 wt% SIBS, (d) 0.2 wt% 
SMA14 and 0.55 wt% SIBS, (e) 0.15 wt% SMA14 and 0.60 wt% SIBS, (f) 0.1 wt% 
SMA.14 and 0.65 wt% SIBS (two data sete), <g) 0.05 wt% SMA14 and 0.7 wt% SIBS, 
and (h) 0.75 wt% SIBS. Far each foraialation containing fee styrene maleic anhydride 
copolymer, the polymer was added to Hie formulation at fee same, time as the potygtyraa*. 
poljisoburylene-polystyrsne copolymer such that the total amount of polymer totaled 
0,75% by weight of the formulation. The amount of paciitaxel remained constant at 
0.25% by weight of the mixture, and the solvent combination (25 wt% THF and 74 wt% 
toluene) remained constant 

[0064} Paciitaxel release was then measured as a function of time in PBS with 0.5 
wi% Twsen® 20 (palyoxye%fene(20) sorbitan monolanrate) available from Sigraa- 
Aldrich. The results, presented as the cumulative release of paciitaxel as a function of 
time, ate graphically illustrated in Figs. 1A and IB, 

[0065] Figures 1 A and 1 B show that the release rate of paciitaxel from the SMAI4 
copolymer is relatively constant over time (sometimes referred to as "zero order" release). 
As the SIBS copolymer is added to the formulation if forms separate polymer phases that 
are immiscible with the initial SMA14 polymer phase. The size of the SMA14 polymer 
phase is reduced by (he addition of the SIBS. As the amount of SIBS approaches greater 
than 50% the major phase becomes SIBS, and SMA14 is distributed within a SIBS 
matrix As the amount of SIBS is further ©creased, the size of the SM A! 4 phase within 
the blend becomes smaller, and the rate of paciitaxel released from the coating is slowed, 

EXAMPLE 2 

[0066] A solution is provided that contains the following: 5 wt% leiiahydrofuran (THF), 
94 wt% toluene, 0.35 wt% paciitaxel and 0.65 wt% porystyrene-polyisohutylene- 
polystyrene block copolymer. The copolymer is synthesized using known techuiques 
such as those described in U.S. Patent No. 5,741,331,11.3. Patent No, 4,946,899 and U.S. 
Serial No. 09/734,639. The solution is provided by (I) mixing the paciitaxel and 
tetrahydroferan, (2) adding the copolymer, (3) adding the toluene, (4) thoroughly mixing 
(e.g., overnight), and (5) filtering. 

[8067] The solution is then placed in a syringe pump and fed to a spray nozzle. A stent 
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is mounted onto a holding device parallel to the nozzle and, if desired, rotated to ensure 
uniform coverage. Depending on the spray equipment used, either the component or 
spray nozzle can be moved while spraying such mat the nozzle moves along the 
component while spraying for one or more passes. 

[0068] After a coating is formed in this fashion, it is dried, for example, by placing it in a 
preheated oven for 30 minutes at o5°C } followed by 3 hours at 70°C. 
[0069] Nine stents are coated from the above formulation. 

[0070] Two additional solutions are prepared containing the following: 25 wt% THF, 
74 wt% toluene and 1 wt% of a polymer composition. One solution contains 1 wt% of 
SMA copolymer as described above. The second solution contains 0.5 wt% of SIBS and 
0,5 wt% SMA 14 (as described above). 

tOOTl] Each of the solutions is individually placed in a syringe pump and fed to a spray 
nozzle, A coated stent (coated with the SIBS/pacHtaxef formulation from above) is 
mounted onto a holding device parallel to the nozzle and, if desired, rotated to ensure 
uniform coverage. Depending on the spray equipment used, either the component or 
spray nozzle can be moved while spraying such that the nozzle moves along the 
component while spraying for one or more passes. 

[0072] After a coating is formed in this fashion, it is dried, for example, by placing it in a 

preheated oven for 30 minutes at 65°C> followed by 3 hours at 70°C. 

[0073] Three of the nine SffiS/paclitaxel coated stents are over coated with the 1 .0% wt% 

SMA14 solution, and three of the SIBS/paditaxei coated stents are over coated with the 

0.50% SMA14 and 0.50% SIBS formulation, using the above procedure. 

[0074] Cumulative release ofpaclitaxel as a function of time was then measured in 

PBS with 0,5% Tween® 20 (polyoxyetoylene(20) sorbtera monolaurate) available from 

Sigma-Aldrick The results are graphically Ulustrated in Fig. 2. 

[0G75j Although various embodiments are specifically illustrated and described 
herein, it wiil * u>pi .tted that modificaaons a»d variations of toe present mventton are 
covered by toe above teachings and are wilhiu toe purview of die appended claims 
without departing from the spirit and intended scope of toe invention. 
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IN THE CLAIMS; 

1 . A me&od for modulating a rate of release of a therapeutic agent from a release region 
that constitutes at least a portion of an implantable or insertable medical device and 
that controls the rate at which the therapeutic is released from the medical device, said 
method comprising: 

(a) providing a release region for said implantable or msertable medical device, 
said release region comprising a therapeutic agent and polymer composition that 
comprises two or more immiscible polymer phases; and 

(b) modulating the therapeutic agent release rate characteristic of the release 
region by changing the volume that is occupied by at least one of the immiscible 
polymer phases relative to the total volume of the release region that is formed. 

2. The method of claim I , whereat at least one of said immiscible phases corresponds to 
a homopolymer, 

3. The method of claim 1 , wherein at least one of said immiscible phases corresponds to 
a copolymer. 

4. Hie method of claim 3, wherein the copolymer is a random copolymer. 

5. The method of claim 3, wherein the copolymer is an alternating copolymer. 

6. The method of claim 3, wherein said copolymer is a male ic anhydride copolymer. 

7 . The method of claim 1 , wherein at least two of said immiscible phases are provided 
by a block or graft copolymer. 

8. The method of claim 1, wherein at feast two of said immiscible phases are provided 
by a block copolymer feat comprises polystyremc blocks and polyolefin blocks. 
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9 . The method of claim 8, wherein an additional phase is provided by a maleic 
anhydride copolymer. 

10. The method of claim 9, wherein two annascible phases are provided by a block 
copolymer comprising polystyrene and polyisobutylene blocks, arid wherein a third 
immiscible phase is formed from a random copolymer formed from siyrae and 
maleic anhydride monomers. 

1 1 . The method of claim 1 0, wherein the rate of release of the therapeutic agent is 
increased by decreas ing the volume occupied by said block copolymer relative to the 
total volume of the polymeric release region and by increasing the -volume occupied 
by said random copolymer relative to the total volume of the polymeric release 
region. 

12. The method of claim 1 , wherein said release region is a carrier layer. 

13. The method of claim 1, wherein said release region is a harrier layer that is disposed 
over a region comprising said therapeutic agent. 

14. The method of claim i , wherein said release region is formed by a process 
comprising: (a) providing a solution comprising (I) a solvent and (it) said polymer 
composition; and (b) forming said release region from said solution by removing said 
solvent from said solution. 

15. The method of claim 14 v. heron said relet i sat uriei layer and wherein 
said solution further comprises said therapeutic agent. 

1 6. The method of claim 14, wherein said release region is a carrier layer and wherein 
saidlherapeunt. agent is pi 

removal 
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17. The method of claim 14, wherein said solvent comprises two or more solvent species. 

18. The method of claim 14, wherein said release region is formed by applying said 
solution to said medical device, 

19. The method of claim 1 8, wherein said solution is applied by spray coating. 

20. The me thod of claim 18, wherein said solution is applied by dipping. 
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Claims Nos. : 1-20 (in part) 



1. Present claims 1 and 2-20 (in part) relate to an extremely large 
number of possible compounds by referring to a "therapeutic agent" which 
is used in the implantable or insertable medical device (see also pages 
14-18 of present application). Support within the meaning of Article 6 
PCT and/or disclosure within the meaning of Article 5 PCT is to be found, 
however, for only a very small proportion of the compounds claimed. In 
the present case, the claims so lack support, and the application so 
lacks disclosure, that a meaningful search over the whole of the claimed 
scope is impossible. Consequently, the search has been carried out for 
those parts of the claims which appear to be supported and disclosed, 
namely the compound of "paclitaxel" (example 1 and 2 in present 
application) as well as the terms "active agent", "drug", "active 
ingredient", "medicament", "medici ne" , "therapy", "treatment" themselves. 

2. Present claims 1 and 2-20 (In part) relate to a method defined by 
reference to a desirable characteristic or property, namely for 
influencing a rate of release of a therapeutic agent 

1. "froff! a release region" 

2. and by "modulating the therapeutic agent release rate characteristic 
of the release region by changing the volume that 1s occupied by at least 
one of the immiscible polymer phases relative to the total volume of the 
release region that is formed". 

The claims cover all methods having this characteristic or property in 
terms of "a release region", whereas the application provides support 
within the meaning of Article 6 PCT and/or disclosure within the meaning 
of Article 5 PCT for only a very limited number of such methods. In the 
present case, the claims so lack support, and the application so lacks 
disclosure, that a meaningful search over the whole of the claimed scope 
is impossible. Independent of the above reasoning, the claims also lack 
clarity (Article 6 PCT). An attempt is made to define the method by 
reference to a result to be achieved. Again, this lack of clarity in the 
present case is such as to render a meaningful search over the whole of 
the claimed scope impossible. Consequently, the search has been carried 
out for those parts of the claims which appear to be clear, supported and 
disclosed, namely by using the terms of a "controlled, delayed, extended, 
slow, rapid, immediate, prolonged and retarded drug release" from one or 
more of the layers used. 

3. Present method claims 2-5, 7 relate to an extremely large number of 
possible compounds, namely by using the terms "homo polymer" (claims 2), 
"copolymer" (claim 3), ''random copolymer" (claim 4), "alternating 
copolymer" (claim 5), "block or graft polymer" (claim 7). Support within 
the meaning of Article 6 PCT and/or disclosure within the meaning of 
Article 5 PCT is to be found, however, far only a very small proportion 
of the compounds claimed, In the present case, the claims so lack 
support, and the application so lacks disclosure, that a meaningful 
search over the whole of the claimed scope is impossible. Consequently, 
the search has been carried cut for those parts of the claims which 
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appear to be supported and disclosed, namely those parts relating to 
maleic anhydride copolymer (see claims 6, 9), pclystyrenic blocks and 
polyolefin blocks as block copolymers (see claim 8), polystyrene and 
polyisobutylene blocks as block copolymers (see claim 10), styrene and 
maleic anhydride monomers as random copolymers (see claim 10) and the 
terms "polymer"., "homopolymer" , "copolymer", "block copolymer/polymer" , 
"graft copol ymer/pol ymer" . 

The applicant's attention is drawn to the fact that claims, or parts of 
claims, relating to inventions in respect of which no international 
search report has been established need not be the subject of an 
International preliminary examination (Rule 66.1(e) PC7). The applicant 
is advised that the EPO policy when acting as an Internationa] 
Preliminary Examining Authority is normally not to carry out a 
preliminary examination on matter which has not been searched. This is 
the case irrespective of whether or not the claims are amended following 
receipt of the search report or during any Chapter II procedure. 
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